A prototype composite electrode consisting of a metallized membrane "outer" cathode, and a conventional "inner" silver disc cathode, both sharing the same electrolyte, is described. Preliminary results indicate that the metallized membrane will act as an oxygen filter, allowing anaesthetic gases such as nitrous oxide, to pass through to the second (inner) cathode, where they may be reduced. Linear relationships exist for oxygen concentration and metallized membrane current; and for nitrous oxide concentration and the second cathodic current. Extension of this technique to measure both halothane and nitrous oxide on the second cathode, simultaneously with oxygen on the metallized membrane, is discussed.
Recent studies (Albery et al., 1978; Brooks et al., 1978 Brooks et al., , 1980 Hahn etal., 1979) have shown that both oxygen and nitrous oxide can be measured simultaneously on a single electrode using pulse polarography. The application of these techniques (together with conventional polarography) to bloodgas analysis has been reviewed by Hahn (1980 Hahn ( , 1981 .
A more recent paper by the same authors (Albery, Hahn and Brooks, 1981) has described the polarographic measurement on silver cathode surfaces and concluded that halothane could be quantitatively reduced on silver, but only in the absence of oxygen. This is because oxygen and halothane are reduced at the same potential on silver surfaces and can therefore not be discriminated unless one is removed. Halothane can be removed by using an impermeable membrane, such as Teflon, but this defeats the purpose of the exercise of simultaneous measurement.
We have therefore focused our attention on a means of removing oxygen from the primary measuring system, but at the same time being able to measure its concentration quantitatively. This paper describes an electrochemical oxygen filter combined in a composite electrode system, which we will call a "sandwich" electrode. The oxygen filter is a metallized membrane, based on the designs of Bergman (1966 Bergman ( , 1968 Bergman ( , 1974 , Bergman and Windle (1972) and Bartlett, Dobson and Eastham (1980) . The rest of the electrode is a conventional polarographic cell, which shares the same electrolyte as the metallized membrane oxygen filter. A prototype electrode is described, together with preliminary experiments confirming its application as a multigas sensor.
METHODS

Sandwich electrode design
The design of the prototype sandwich electrode is outlined in figure 1. The body was turned out of a cylindrical block of Teflon, with the inner cavity filled with the electrolyte solution. A series of conducting holes ensured contact between electrolyte reservoir and the electrode elements. These con- sisted of a conventional silver disc cathode (3 mm diameter) set flush into the upper surface of the Teflon cylinder, together with a miniature silver/silver chloride reference electrode and a silver stud for making contact with the metallized membrane.
The metallized membrane consisted of a conventional silicone or Teflon membrane with one surface coated with a thin layer of gold or silver on gold, which had been deposited by vacuum evaporation. Our prototype membranes were either coated for us by Dr J. V. Dobson of Newcastle University, or were kindly supplied by Dr K. Gibbs of Southampton University. The details for coating the membranes have been elucidated by Bergman (1966) , and typical metal layers of 5-10nm are recommended by him. This metal layer provides a uniform and sufficient area for the electrode processes to be diffusion controlled, even if the metal film is transparent (Bergman, 1966) . Electrical contact is made with the metallized film through a coating of epoxy silver Araldite on the silver stud, as shown in figure 1 .
A silver wire counter electrode was inserted into the internal electrolyte reservoir. The membrane was held in position by a Teflon cap, which was screwed "finger tight" onto the outer body of the composite electrode. The metal film was electrically 3 0 -separated from the second silver cathode by a thin nylon spacer, which also helped to spread a uniform electrolyte layer under the metal film.
The electrical circuitry was analogous to that previously described by us for use with a rotating ring-disc electrode (Hahn, Davis and Albery, 1975) , such that both cathodes shared the same counter and reference electrode. In this instance, however, the metal film replaced the ring electrode. The polarizing potentials for both the metallized membrane and the second cathode were obtained from standard voltage sources.
Full details of the electrode design are contained in a European patent application (0027005).
Electrode pilot studies
All pilot studies for the prototype electrode were conducted at room temperature. The electrolyte solution was potassium hydroxide 0.05 mol litre" 1 , potassium chloride 0.1 mollitre" 1 , although any conventional PO2 electrolyte solution could have been used. White spot nitrogen, room air and pure oxygen gases were used to test the membrane metal film electrode characteristics, and oxygen in nitrous oxide gas mixtures, obtained from a Wosthoff gas mixing pump (M500/a) tested the response of the second cathode. 
Oxygen filter
The oxygen filtering capacity of the metallized membrane polarized at -0.625 V (v. Ag/AgCl) was investigated, using the second cathode as an oxygen detector to determine if any oxygen managed to pass through both the plastic membrane and the metal film. This was achieved by observing the nitrogen zero current, and the pure oxygen current, on the second cathode with the metallized membrane polarized first at 0 V and then -0.625 V. The difference between the observed currents gave an indication of the oxygen-filtering capability of the metallized film.
Nitrous oxide response of second cathode
The nitrous oxide response of the second cathode was tested with the metallized film polarized continuously at -0.65 V. Preliminary studies were conducted with the silver cathode polarized at -0.65 V and then at -0.72 V. Gas mixtures of 10,15,25, 50 and 75% (v/v) nitrous oxide in oxygen were introduced to the electrode and the response of the second cathode to the mixtures was recorded on a Bryans 29000 A3 X/Y/t recorder used in the Y/t mode.
Subsequent studies were conducted with the second cathode pulsed (using a hand-operated switch) at polarizing voltages at -0.72 V for 170s, with a pause of 100 s between pulses. The silver metallized membrane was continuously polarized at -0.52 V and nitrous oxide in oxygen gas mixtures of 0, 25, 50, 75 and 100% (v/v) nitrous oxide in oxygen were used. The current transients from the pulsed cathode were recorded and the height of the current response at the end of the voltage pulse was read off.
RESULTS AND DISCUSSION
Oxygen filter membrane studies
The results of the initial oxygen studies are shown in figures 2 and 3. Figure 2 shows the current response for the silver cathode (continuously polarized at -0.72 V) with the membrane switched off (0.0 V) and then switched on at -0.625 V. Both the air and oxygen signals decreased to approximately 10% of their former value, as soon as the membrane was polarized, demonstrating a clear filtering effect at the metallized membrane surface. Figure 3 shows the corresponding metallized membrane current when the polarizing potential was applied in the presence of nitrogen, air and pure oxygen. A linear response is clearly demonstrated between electrode current and oxygen concentration, even though the membrane was polarized in the pulse mode. Bergman (1974) has demonstrated that the metallized membrane gives a linear response to oxygen concentration when polarized continuously, but we believe that these initial results indicate that such a membrane can be pulsed and that it can act as an effective oxygen filter even when pulsed. In practice the membrane would be polarized at a voltage high enough to reduce oxygen but low enough not to reduce nitrous oxide (Brooks, 1980) . This would ensure the passage of nitrous oxide through the membrane to the second cathode. Figure 4 shows the response of the second silver cathode to changing concentrations of nitrous oxide in air, when the metallized membrane was polarized at -0.52 V. The beginning of the time trace shows the second cathodic current response when the membrane was at 0.0 V (that is not filtering oxygen) and when the membrane was switched to -0.52 V (that is acting as an oxygen filter). It is clear that, even though the second cathode was only polarized at -0.65 V, and was therefore not on the diffusionlimiting part of the polarographic wave for nitrous oxide on silver surfaces (Albery et al., 1978) , the nitrous oxide reduction current was still proportional to nitrous oxide concentration. However, when the polarizing voltage was increased to -0.72 V, and hence much closer to the diffusion-limited part of the wave, a greatly increased reduction current was observed together with the formation of nitrogen bubbles (the nitrous oxide reduction product) on the cathode surface. Thereafter the electrode ceased to function, and it was decided to pulse the second cathode to avoid the bubble formation.
Nttrous oxide reduction
Pulsing second cathode
The nitrous oxide response of the second cathode when pulsed at -0.72 V, is shown in figure 5 . The metallized membrane was polarized at -0.52 V (as in figure 4), the only difference being that the polarizing source for the second cathode was handoperated to produce a simple pulsing regime lasting 170 s, with a 100-s pause between pulses. Figure 5 also shows the height of the cathodic current response plotted against nitrous oxide concentration.
The non linearity at 100% (v/v) nitrous oxide is undoubtably a result of the fact that the polarizing voltage was not negative enough. With hindsight it would have been better to pulse at about -1.2V for these preliminary studies. Nevertheless, there is a gratifying linear response to nitrous oxide, and it is clear that this gas is not being filtered by the metallized membrane.
Application to halothane
The obvious next step in the development of this device would be to investigate its characteristics in the presence of halothane. The studies reported here have shown that oxygen can be filtered effectively at the metallized membrane surface; indeed, Albery and Barron (1982) , in a separate study at Imperial College, London, have shown that a painted gold membrane can achieve filtering efficiencies greater than 99%. Thus, halothane and nitrous oxide would diffuse to the second cathode where they could be individually detected by pulse polarography (free from oxygen interference), in the same way that oxygen and nitrous oxide are measured in the absence of halothane (Brooks et al., 1980) . Clearly, a membrane permeable to halothane (such as silicone) must be used, and the metallized layer must be formed from a metal which does not react with either nitrous oxide or halothane. We were limited in these studies to the membranes and metals which were available to us. Both silver and gold-on-silver metallized membranes would reduce halothane and we are therefore endeavouring to continue these studies with a metal which does not appear to react, such as platinum.
Our conclusions so far are: (a) The metallized membrane acts as an effective filter for oxygen and gives a linear response to oxygen concentration. (b) The metallized membrane will allow nitrous oxide to pass through unreduced, even when the metallized film is polarized in the oxygen reducing region. (c) The second (inner) cathode will reduce the nitrous oxide which reaches it via the metallized membrane. A linear response is found for the nitrous oxide concentration even when the electrode is pulsed. (d) These studies suggest that a composite "sandwich" electrode, with a metallized membrane such as platinum, which did not reduce halothane or nitrous oxide, might be able simultaneously to measure oxygen, nitrous oxide and halothane.
ELECTRODO COMPUESTO PARA EL ANALISIS DE GAS MULTIPLE: UN PROTOTIPO
SUMARIO
Se describe un prototipo de electrodo compuesto, consuruido por una membraba metalizada "exterior" que actua como catodo y un disco "interior" de plata que actua tambien como catodo, compartiendo ambos el mismo electrolito Los resultados prehminares indican que la membrana metanzada acruara cuaJ un filtro de oxigeno, permiuendo el paso de gases anestesicos, tales como el oxido nitroso, a traves del segundo catodo (interior) en donde se les reduce Existen relaciones lineales entre la concentracion de oxigeno y la corriente de la membrana metalizada asi como entre el oxido nitroso y la corriente catodica secundana Se discute el aJcance de esta tecnica para medir en el segundo catodo el halotano y el oxido nitroso simultaneamente con el oxigeno de la membrana metalizada
